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DRIVE SYSTEM 



The present invention relates to a drive system and in particular, but not exclusively, to a 
drive system for a bicycle. The drive system is also applicable to other human-powered 
vehicles and mechanisms. The invention also relates to a bicycle having a drive system. 

5 The drive system used by conventional bicycles consists of a pair of rotating pedal cranks 
connected by a chain and sprockets to the rear wheel. This system has certain 
disadvantages. In particular, the tangential force the cyclist is able to exert on the pedals 
varies considerably according to the positions of the pedal cranks and is at a maximum only 
when the pedal cranks are approximately horizontal. This limits the efficiency and/or 
10 maximum power output of the cyclist. 

It is an object of the present invention to provide a drive system that mitigates the afore- 
mentioned disadvantage. A further object of the present invention is to provide a bicycle 
having a drive system that enables the cyclist to provide a greater power output and/or to 
cycle more efficiently. 

15 According to the present invention there is provided a drive system including at least one 
lever system having a manually-operable means attached thereto for reciprocating 
movement, and a drive train connected to the lever system for transferring drive from the 
manually-operable means. 

The manually-operable means is preferably a pedal but may alternatively be a handle. 

20 The drive system preferably includes two lever systems, which are preferably interconnected 
for opposed reciprocating movement. 

The lever system preferably includes a first lever having a first end that is connected to a first 
fixed pivot and a second end that is rotatable about the first fixed pivot, a second lever 
having a first end that is pivotably connected to the second end of the first lever and a 
25 second end to which the manually-operable means is attached, and a tie rod having a first 
end that is pivotably connected to a second fixed pivot and a second end that is pivotably 
connected to the second lever between the first and second ends thereof. 




The drive train preferably includes a hydraulic drive train but it may alternatively be entirely 
mechanical. 

The hydraulic drive train preferably includes a hydraulic drive cylinder having a first end that 
is connected to a pivot point and a second end that is connected to the first lever between 
5 the first and second ends thereof, for actuation by pivoting movement of the first lever. 

The first end of the hydraulic drive cylinder is preferably connected to a movable pivot point 
that can be moved to adjust the stroke length of the cylinder. A hydraulic adjuster may be 
provided for adjusting the position of the movable pivot point. 

The present invention further provides a bicycle having a drive system as described in the 
10 preceding paragraphs. 

The bicycle may includes a hydraulic drive train including at least one hydraulic motor for 
driving the rear wheel, the front wheel or both wheels of the bicycle. The bicycle may 
include a plurality of hydraulic motors that can be connected into the hydraulic circuit 
individually, in series or in parallel to adjust the gearing effect of the drive system. 

1 5 An embodiment of the invention will now be described, by way of example, with reference 
to the accompanying drawings, in which: 

Fig. 1 is side view of the drive system; 

Fig. 2 is a side view of a bicycle having a drive system as shown in Fig. 1 , and 

Fig. 3 is a hydraulic circuit diagram of a hydraulic drive train for use with the drive system. 

20 The invention relates to a drive system for bicycles or other pedal driven mechanisms. The 
system includes a first arm 1 and. a second arm 2, which are attached to the bicycle frame 
3 at their upper ends through first and second pivots 4,5. A lever 6 is attached to the lower 
ends of the first and second arms through third and fourth pivots 7,8, the third pivot 7 being 
located at one end of the lever 6 and the fourth pivot 8 being located between the ends of 

25 the lever, close to the third pivot 7. A pedal 9 is attached to the free end of the lever 6, the 
arrangement being such that the pedal can move up and down substantially linearly, as 



indicated by the arrow labelled "down". All these items may be duplicated in a symmetrical 
fashion for a second pedal. 

The first arm 1 is attached to a drive train to turn the wheels or drive the mechanism. In a 
preferred arrangement of the design the drive train consists of a hydraulic drive cylinder 1 0, 
5 which is attached at its lower end to a pivot 1 1 on the first arm 1 , located between its ends. 
The hydraulic drive cylinder 10 is attached at its upper end to the frame 3 and a hydraulic 
adjuster 12. The hydraulic adjuster 1 2 is also attached to the frame 3 through a pivot 1 3 and 
may be actuated to adjust the position of the upper end of the drive cylinder relative to the 
frame. The hydraulic drive cylinder pumps oil around a hydraulic system. This system, 
10 which is shown in Fig. 3, has an oil reservoir 15 and a regulation system and a control 
system 16 and one or more hydraulic motors 17. 

When a pressure is exerted on the pedal 9 the lever 6 moves in the direction labelled "down" 
and rotates around pivot 7 and the reaction through the second arm 2 forces the first arm 
1 to rotate around pivot 4, driving the hydraulic drive cylinder 10, which is arranged to 

15 pump oil around the hydraulic system. When the pedal 9 reaches the end of possible 
movement it is so arranged to return to the start position at the opposite end of its range of 
movement. In so doing the hydraulic drive cylinder 10 is refilled with fluid and the cycle 
starts again. The components are so arranged that movement of the hydraulic adjuster 12 
has the effect of varying the amount of oil pumped around the system, thereby providing a 

20 continuously (i.e. steplessly) variable gearing system. The adjuster may be arranged in such 
a way that the fluid in the drive system operates the adjuster so providing automatic 
adjustment of the gear ratios. Both sides may be connected together to ensure that the 
pedals move in opposite directions. 

The hydraulic circuit may be arranged as shown in the diagram included here for clarity only. 
25 Fluid is drawn from the reservoir 1 5 through a one way yalve 1 8 to the hydraulic cylinder 
1 0 and pumped under pressure through another one way valve 1 9 to a control valve 1 6 and 
so through motors 17 as required then returning to the reservoir. A small amount of fluid 
is passed into a control system 20 to actuate the adjuster 12. 




In alternative arrangements, the hydraulic components may be replaced by a gear, shaft or 
chain drive. In these arrangements provision will be made for relative movement of the 
pivots to provide a range of gear ratios. 

The constituent parts are so arranged that the movement of the pedal and output is in 
5 relation to the force that can be exerted on the pedal. There is no point in the cycle that a 
full force cannot be output by the system. By aligning the direction of pedal movement with 
the input force the system makes more efficient use of the work energy available. 

Various modifications of the drive system are possible. For example, the drive cylinder may 
be connected to the second arm instead of the first arm; the lever to which the pedal is 
10 attached may be curved rather than straight; and the whole mechanism may be oriented 
differently, for example when it is advantageous for the person operating the drive system 
to adopt a reclined position. 
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